Abstract. In this paper, a seven-degree-of-freedom three-dimensional vibration model of a vehicle is established based on the parameters of a vehicle. Considering the hysteresis effect of pavement incentives of rear wheel, the random vibration of the vehicle is simulated by MATLAB / SIMULINK. After changing the stiffness, the acceleration of the vehicle body and the seat, suspension dynamic deflection and relative dynamic load are compared to select the suitable stiffness to achieve optimal ride performance. It can provide a reference for the one who is designing vehicle suspension.
Introduction
When the automobile is running, the vibration of the car is excited by the uneven surface and the rotating parts such as the transmission system and the wheels. Typically, uneven pavement is the basic input of automotive vibration. Solving the vibration problem of vehicle and parts under the excitation of random uneven road is an important foundation to improve vehicle ride comfort, safety and reliability of parts [1] . In this paper, the 7-DOF dynamics model of the vehicle's vehicle vibration system will be established, and the parameters of suspension will be optimized by using the vehicle body acceleration root mean square value, suspension dynamic deflection and wheel displacement as the ride comfort evaluation index.
Vehicle vibration mechanics model
In order to more realistic reflection of the vertical vibration of the vehicle, it is necessary to establish a three-dimensional vehicle vibration model. The vibration input of the whole vehicle is the excitation of the road surface, the difference of road excitation between the front and rear wheels, and the influence of the roll of the vehicle on the vibration of the vehicle body are taken into account, which is a more realistic reflection of the actual situation of vehicle vibration [2] . Seven-DOF threedimensional vehicle vibration model is shown in Figure 1 . 
The total kinetic energy of this system is: 
The potential energy of this system is:
The total dissipation function of the system is: 
After the above equations are arranged, the matrix form is obtained according to Lagrange's law:
where k 
3 Simulation optimization
The establishment of pavement simulation model
In the process of vehicle running, the roughness of the road surface varies with different grades of road and different driving speed. The pavement model is a mathematical description of the change of the road roughness with the class and speed of the road. The Seven Free 3D model of vehicle is built, which considers the rear wheel lag road roughness input, without considering the left and right coherent road input. The pavement excitation is generated by the white noise method [3] [4] [5] [6] and the mathematical model of pavement excitation is.
where q(t) is four wheel input of pavement excitation; w(t) is white noise signal which the mean is zero; n l is lower cut-off frequency，the value of which is 0.011m -1 ; u is speed of vehicle, the value of which is 110 km/h; G q (n 0 ) is the road power spectral density value under the reference road frequency, which is called the unevenness parameters of road surface. The road grade is usually divided according to the unevenness parameters of road surface.
According to Equation (10), the MATLAB / SIMULINK model is as follows： The rear wheel road irregularity excitation delay for a period of time compared to the front [7] . The delay time  is:
The establishment of vehicle simulation model
In the second chapter, the three-dimensional vibration model of seven-degree-of-freedom vehicle was established and the differential equation of vehicle vibration was obtained. Ignoring tire damping, it is:
In order to facilitate the calculation and simulation, it is necessary to convert equation (12) into the form of state equation by multiplied M -1 . After transformation, the equation is:
The seven -freedom vehicle vibration simulation model is built by using the MATLAB/SIMULIK module, as shown in Figure 3 . 
Optimization
The objective function is , which is to meet the requirements of ride comfort. Design variable is : 
MATEC Web of Conferences
According to the above requirements, the vehicle model is simulated and the simulation results by using improved and unimproved data are compared [7] [8] . The simulation time is 30s. To see the details, let's take 5~10s as a contrast. In order to perform more clearly, we calculate the root mean square values of the body accelerations, the RMS values of the driver seat accelerations and the RMS values of the dynamic deflections, as shown in the Table  2 . Table 2 
From Table 2 , it can be seen that, as far as possible without affecting the dynamic deflection of the suspension, the root mean square values of the body accelerations and the driver seat accelerations have been reduced and ride comfort of the vehicle have been improved.
Conclusion
The simulation design of the vehicle suspension system is carried out by using MATALAB / SIMULINK. The simulation curve of the vehicle suspension system is obtained, so that the vehicle parameter designer can predict the ride comfort of the vehicle at the design stage and adjust parameters so that the suspension parameters are optimized.
The seven-degree-of-freedom three-dimensional vibration model selected in this paper only considers the hysteresis effect of the input of the front and rear wheel surfaces, and does not take the difference in the input of the left and right wheel into account. Compared with the eleven degrees of freedom model, can not reflect the effect of the seat. The vehicle's mass, center of mass, moment of inertia, and vertical vibration of the seat system, as well as the rotation and body force, are changed in the case of manned or loaded vehicles.
